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INTEREST FOR DEVELOPING 
ELECTRONIC SENSES 

  Automatic control and measurements  Reduction of 
Labour  Cost reduction and more stable processes. 

  Reduction of time between measurement and results  
Reduction of the action time 

ASSURE THE FOOD SAFETY  
IMPROVE COMPETITIVINESS 

  THE FINAL GOAL: ONLINE measurements of ALL food 
products at EVERY POINT of the food chain 

http://www.rtve.es/television/20100406/sensores---tres14/328377.shtml 
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IMAGE ANALYSIS 

Spectral Analysis of Food Dyes 



Analysis of visible Image 
•  Measurement of surface areas of ham 

Sánchez-Salmerón A.J.; Albarracin W.; Grau R.; Barat J.M.; 
Ricolfe C. (2007) Control of ham salting by using image 
segmentation. Food Control. 19:135-142. 



Spectral analysis 



Sliced carrots 
Line 10 

380 

420 

460 

500 

540 

580 

620 

660 

700 

740 

780 

       Day 0     Day 6 





THE WAVELENGTH RANGE 



IMAGE ANALYSIS TECHNIQUES 
Electromagnetic waves  
  X-Ray - Computed tomography 
  Visible Image analysis. 
  NIR 
  Microwaves –300 MHz – 300GHz – wave length: 1m – 1mm 

  MRI (study of induced atomic resonance by means of a 
magnetic field) 

Acoustic Waves 
  Ultrasounds 

  >20.000 Hz 



X-Rays 
COMPUTED TOMOGRAPHY 

•  Use of X-Rays 
• Detects changes in density 

•  X rays consist of electromagnetic 
radiation (like light), but with a shorter 
wavelength, that penetrates the body 
and forms an image on film. 



CT Scan (Computed Tomography, or CAT scan) 

•  CT scans provide many cross-sectional 
images of the body by using special X rays 
and computer enhancement to create an 
image that is much more sensitive than a 
simple X ray. After x-raying the body from 
many angles, the X rays are then analyzed by 
a computer to provide a picture of the body 
that can be viewed on a monitor or printed 
out as a photograph. The images show a 
composite slice of the body (usually the 
head, chest, or abdomen). 



• Muscle anatomy 
•  Salt diffision 



NIR techniques 

http://www.thermo.com/com/cda/landingpage/0,,1520,00.html?WT.srch=1&gclid=CNKpt8yIq50CFVFf4wodp3gekg 



The use of Cluster ID Method for distinct 
identification of quality aspects in the 
food industry 

Partial Least Squares (PLS) calibration curve for Protein 

Score plot of 8 different bread mixtures based on the significant 
differences of analytical results 

3D-Score plot that shows the classification of 
different bread mixtures into individual clusters 



MICROWAVES 



MICROWAVE TOMOGRAPHY 

•  BASIS: Detection of different dielectric 
properties 

http://nmr.mgh.harvard.edu/~fangq/ 

Microwave Functional Spectrum 
Tomography prototype—
including microwave antennas 
and motion-controlling linear 
actuators—for detecting breast 
cancer. 

http://engineering.dartmouth.edu/faculty/regular/paulmeaney.html 



•  On the left is the 3D-
model of a log and on 
the right a cross section 
from the same log. A is a 
photograph of the cross 
section, B represents a 
c a l c u l a t e d d e n s i t y 
estimate, C shows the 
mo i s tu re d i s t r ibu t ion 
measured with near-
infrared spectroscopy, D 
t h e  m i c r o w a v e 
absorption and E the 
microwave reflectance 
map of the cross section. 

http://www.infotech.oulu.fi/Annual/2005/opme.html 



MRI (Magnetic Resonance Imaging) 

•  Another way to take pictures of the inside of the 
body involves the use of magnetism and radio 
waves to produce much more detailed images 
than an X ray because of its ability to separate 
different types of soft tissues. As radio waves are 
sent to a specific part of the body, the atoms emit 
their own radio waves that are translated into 
images by a computer. MRI can be used to look 
at any area of the body and is especially useful in 
diagnosing disease of the soft tissues of the head, 
spinal cord, kidneys, urinary tract, pancreas, and 
liver. MRIs are also the procedure of choice to 
detect sports injuries involving tendon and 
ligament damage. 



Saltprofiler:  Baccalaoprøver 
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Saltdistribusjon i torsk 

          Statisk studium 

     Dynamisk studium 

Lakesalting, 16,5% NaCl, 43 h, 3C - 5C 

t=0 t=14 

t = 28 t = 46 

SINTEF (Norway) 



3D imaging: separasjon av fett/bindevev fra 
vann 

Fett/bindevev Vann 

SINTEF (Norway) 



ULTRASOUNDS 

ACOUSTIC WAVE 

•  Frequency higher than the 
limit of the human ear 
(aprox 20.000 Hz) 

•  For medical application 
between 2 and 3 MHZ 



ULTRASOUNDS 





•  Hardness 
•  Firmness 
• Adhesiveness 
• Cohesiveness 
• Gumminess 
•  Springiness 
•  Viscosity 
• …… 



Use of electromyography 





Evaluation of food texture by using 
ultrasounds 

http://www.nfri.affrc.go.jp/english/organization/kinou/syokuhinbussei.html 





Sound Advice 

•  An indicator of freshness and high quality, 
crispness is a pivotal factor in determining 
the appeal of crunchy and crispy 
products such as biscuits, cereals, crisps 
and hard varieties of fruit and vegetables. 
One of the most prominent 
characteristics of crunchy and crispy 
foods is the acoustic energy emitted 
upon their disintegration during chewing 
or mechanical testing. 

http://www.texturetechnologies.com/Press_Releases.html 



•  In response to demand from universities and 
commercial research departments, Stable Micro 
Systems, one of the world's leading providers of 
texture analysis equipment, has designed and 
launched its new Acoustic Envelope Detector. Used 
with the TA.XTPlus texture analyser, the new instrument 
offers manufacturers a quick and easy method of 
collecting and analysing the noise released by crispy 
products as they are deformed. Together with an 
instrument designed to measure force, distance and 
time, this innovation adds a new dimension to texture 
analysis and quality control. 

Acoustic microscope for colloid characterization 



IMPACT ACOUSTIC DETECTION  

•  Use for Beans separation 



Typical frequency spectra of the impact sound from 
raw pinto beans with and without voids. 



http://www.food.leeds.ac.uk/mp.htm 



USE OF ULTRASOUNDS 

DETECTION OF CRACKS IN CHEESE 





Quality control: Cracks 
–  A problem that affects cheese maturation is the 

development of abnormal fermentations ⇒ cracks 

APPLICATIONS TO CHEESE 
MANUFACTURING 
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ULTRASONIC MATURITY MONITORING 



STUDY EMULSIONS STABILITY 



MEASUREMENT OF EGG FRESHNESS 

–  LAS PROTEINAS DE LA CLARA DEL HUEVO SE VUELVEN MÁS TRANSPARENTES 
A LOS ULTRASONIDOS CONFORME ENVEJECEN 

–  HACIENDO VARIAR LA FRECUENCIA HASTA QUE EL CONJUNTO PIEZA A 
EXAMINAR Y CRISTAL PRODUCTOR DE LA SEÑAL, VIBREN A LA FRECUENCIA 
DE RESONANCIA QUE ES FUNCIÓN DEL ESPESOR DE LA PIEZA. 







TECHNIQUES TO ANALYZE ODORS 

• Chemosensors 
• Gas chromatography 
•  Electronic nose 





Electronic noses 



Electronic noses - Applications 
in R&D laboratories for:Formulation or reformulation of 

products, Benchmarking with competitive products, 
Shelf life and stability studies, Selection of raw 
materials, Packaging interaction effects, Simplification 
of consumer preference test. 

in Quality Control laboratories for at line quality control 
such as: Conformity of raw materials, intermediate 
and final products, Batch to batch consistency, 
Detection of contamination, spoilage, adulteration, 
Origin or vendor selection, Monitoring of storage 
conditions. 

In process and production departments for: Managing 
raw material variability, Comparison with a reference 
product, Measurement and comparison of the effects 
of manufacturing process on products, Following-up 
cleaning in place process efficiency, Scale-up 
monitoring, Cleaning in place monitoring. 



•  http://www.youtube.com/watch?v=67KZMoB5QHs&NR=1 

•  http://www.youtube.com/watch?v=9XZH_T6O-
OQ&feature=player_embedded#at=101 

•  http://www.youtube.com/watch?
v=aX85QTqLX9I&feature=related 







ELECTRONIC TONGUE 

Laboratorio Microelectrónica Híbrida 
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Electronic Tongue: A Taste Of Our Cyborg Future? 
•  European scientists have developed an advanced electronic 

tongue that is so sensitive, it can detect the grape variety and 
vintage of your favourite wine. All at the press of a button. 

•  The electronic tongue is designed for quality control purposes in 
the wine business and can be used in the field, providing a faster 
and more accurate means of testing. Usually a sample would be 
sent away to a central laboratory for testing, slowing down wine 
production. 

•  Made up of six sensors, the electronic tongue can detect 
substances such as sugar, acid and alcohol present in a sample. 
With this information, the device can determine a wine’s age and 
variety which may also prove useful in detecting vintage fraud. 

•  The device is portable and cheap to manufacture which definitely 
works in its favor. The question is, will we start seeing this kind of 
tech implanted directly into our own tongues in the future? I guess 
neural pathways would need to be developed and in a much 
more sophisticated way than just 
sticking wires into a monkey’s skull. I’ll keep you posted. 

http://www.markstechnologynews.com/2008/08/electronic-tongue-taste-of-our-cyborg.html 



http://www.techbriefs.com/component/
content/article/2298 

•  Electronic tongues were described in two prior 
NASA Tech Briefs articles: “Electronic Tongue 
for Quantitation of Contaminants in 
Water” (npo-30601), Vol. 28, No. 2 (February 
2004), page 31; and “Electronic Tongue 
Containing Redox and Conductivity 
Sensors” (NPO- 30862), Vol. 31, No. 8 (August 
2007), page 58. Electronic tongues can be 
used for a variety of purposes, including 
evaluating water quality, analyzing 
biochemicals, analyzing biofilms, and 
measuring electrical conductivities of soils. 



•  http://www.techbriefs.com/component/
content/article/2298 

•  http://weewave.mer.utexas.edu/MED_files/
MED_research/MEMS_chem_snsr/beads/
bead_sensor.html 



Range of applications 
 Electronic Tongues have several applications 
in various industrial areas: the pharmaceutical 
industry, food and beverage sector, etc. It 
can be used to: 
–  analyze flavor ageing in beverages (for 

instance fruit juice, alcoholic or non 
alcoholic drinks, flavored milks…) 

–  quantify bitterness or “spicy level” of drinks 
or dissolved compounds (e.g. bitterness 
measurement and prediction of teas) 

–  quantify taste masking efficiency of 
formulations (tablets, syrups, powders, 
capsules, lozenges…) 

–  analyze medicines stability in terms of 
taste 

–  benchmark target products. 



POTENTIOMETRIC MEASUREMENTS 

- Chemistry Department, St. Petersburg University, Russia 

- Department of Electronic Engeneering, University of Roma, Italy 





VOLTAMETRIC TONGUE 

- The Swedish Sensor Center. Linköping University, Sweden 

- Center for Autonomous Sensor System. Örebro University, Sweden 



Cyclic voltammetry (CV) is a reversible LSV 
measurement which scans electric potential 
turned to reverse direction after reaching final 
potential and scan back to initial potential. In CV, 
the reversibility of the product produced in 
forward scanning can be analyzed by backward 
scanning. Because of this characteristic, CV has 
been applied widely. If a CV conducts with 
potential wave form as shown in right, then we 
can study the substance characteristic as 

Stability in oxidized and reduced forms 
Molecular adsorption in redox process 
Measurements of kinetic rate constants 
Study of reaction mechanism 
Reversibility of electrochemical reaction 
Standard redox potential, Eo=(Epa+Epc)/2 
Electron transfer number, ΔE=Epa-Epc= 58/n  
*n: electron transfer number per mole 



Laboratorio Microelectrónica 
Híbrida 

OBTAINED DATA 



Laboratorio Microelectrónica 
Híbrida 
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Classification of commercial wines 
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Análisis PCA de las medidas con 
electrodos individuales  

Discriminación de las medidas con 
multielectrodo  

Ent: Enterizo, DST: Don Simón 
R98: Rioja 1998 

Ent: Enterizo, T: Don Simón 
R98: Rioja 1998; R03: Rioja 2003 
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DATOS OBTENIDOS POR INVESTIGADORES DEL INSTITUTO REMOTE - UPV 



Electronic tongues on solid foods 

•  Sistema Triplicado de 
Medida 

Se incluyó una placa para el multiplexado de la señal de tres a uno  

•  Pescado triturado y repartido en 3 cajas 
•  En cada caja: 3 electrodos de oro y 3 

electrodos de plata 
•  Medidas en modo discreto 
•  3 medidas diarías en un total de 9 días no 

consecutivos 
•  Análisis Multivariante (PCA, FuzzyART, 

Redes Neuronales, etc.) 
•  Experiencias Bioquímicas 
•  Correlación entre ambos tipos de medidas 



Sistema electrónico que por medio de múltiples sensores no específicos 
puede realizar un análisis cualitativo con muestras de naturaleza líquida.  

Información característica:  “huella electrónica” de la muestra 

INTRODUCCIÓN 



 

 


   Análisis PCA 

Medidas con Electrodos Punzantes. Definitiva 

Total 27 medidas (3 medidas/día x 9 días 

3 Grupos: 
A: días 1, 2, 3 y 4 
B: días 5 y 7 
C: días 8, 9 y 10 

A 

B C 

Electrodos de Ag más 
homogéneos que Au 



1)  Detección del proceso de deterioro carne de lomo fresco de cerdo. 
2)   Discriminación carne curada de cerdo con distintos tipos de sales 

Electrodos: Sistema de múltiples electrodos (10) 
punzantes 

Nº Electrodos Material 

2 Cobre 

2 Oro 

2 Plata 

2 Plomo 

1 Carbón 

1 Zinc 

STUDIES WITH MEAT 




   Resultados. Análisis PCA 

MEAT FRESHNESS 

Agrupación por días 
PC1 proporcional tiempo 

Gráfica tridimensional mejor 
discriminación días 7 y 9 y días 2 y 4 



69 

Low sodium pork loin 

•  Discriminación por grupos de muestras. 
•  Mejor discriminación de las muestras con Ca y Mg que K respecto con Na. 



•  http://pdf.directindustry.com/
pdf/alpha-mos/electronic-
tongue/39513-23644.html 



















THANK YOU FOR YOUR 
ATTENTION 


